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Searches for low mass beyond the Standard Model (BSM) particles using the discovered Higgs
boson at 125 GeV are presented in different possible channels, including invisible decays of the
Higgs boson, the Higgs boson decays to new light bosons in which the light bosons decay to SM
particles, and Lepton Flavour Violation (LFV) of the Higgs boson. The data is collected with the
CMS detector at the LHC which corresponding to integrated luminosities of 19.7 and 2.3 fb−1 at
central-of-mass energies of 8 and 13 TeV, respectively. No excess of signal is observed. Upper
limits are placed on the branching fractions of the Higgs boson decay to different BSM particles,
assuming the SM cross sections. As well, the branching fractions of LFV Higgs boson are given.
In addition, the combination of potential invisible decay modes of the Higgs boson is done for all
channels and the results are interpreted in the context of Higgs-portal dark matter models.
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1. Introduction

The discovery of the Higgs boson at 125 GeV, henceforth referred to as h(125), and the studies
of its properties by the ATLAS and CMS Collaborations [1, 2, 3] at the CERN LHC have placed
major constraints on potential models of new physics beyond the Standard Model (BSM). Although
all measurements to date indicate compatibility with the SM Higgs boson, the SM alone cannot
address several crucial issues, such as the hierarchy problem or the nature of dark matter. Many
theories beyond the Standard Model (BSM), therefore, have been proposed to address all these
questions. In addition, the present uncertainties from the couplings measurements are large, and
the possibility for non-SM properties of the Higgs boson remains. This would be a strong sign of
new physics beyond the SM.

The branching fraction of h→ ZZ → 4ν in the SM is very small but invisible Higgs boson
decays are possible in a wide range of BSM models, for example through decays to neutralinos in
supersymmetric models, or graviscalars in models with extra dimensions. Precision measurements
of the couplings of the Higgs boson from a combination of the 7 and 8 TeV ATLAS and CMS
datasets provide indirect constraints on additional contributions to the Higgs boson decay width
from non-SM decay processes. The resulting indirect upper limit on the Higgs boson branching
fraction to non-SM decays is 34% at the 95% confidence level (CL) [4]. Direct searches for in-
visible decays of the Higgs boson are possible by requiring that the Higgs boson recoils against a
visible system. The typical signatures at the LHC include the most sensitive channel, vector boson
fusion production (VBF), associated production (VH), and gluon fusion production (ggH).

Two-Higgs-doublet models (2HDM) are an extension of the SM by introducing two Higgs
doublets which, after symmetry breaking, lead to five physical Higgs states. The lightest scalar
of 2HDM can be compatible with the SM-like properties of the discovered Higgs boson in the
decoupling limit, where all other scalars have larger masses. A complex SU(2)L singlet field S can
be added to 2HDM, with a small mixing with the doublets; such a model is called 2HDM+S. This
leads to two additional singlet states, a CP-odd scalar a and a CP-even s, which inherit a mixture of
the Higgs doublets fermion interactions. In such a model, also known as NMSSM, the branching
fraction of the Higgs boson to a pair of a or s bosons can be sizeable, and a wide variety of exotic
Higgs decays is allowed [5], especially h→ aa.

In the SM, lepton flavour violating (LFV) decays of the Higgs boson are forbidden if the
theory is to be renormalizable. If this requirement is relaxed, such that the theory is valid only to
a finite mass scale, then LFV couplings may be introduced. LFV decays can occur naturally in
models with more than one Higgs doublet without abandoning renormalizability. They also arise
in supersymmetric models, composite Higgs boson models, Randall–Sundrum models, and many
others. The presence of LFV couplings would allow µ → e, τ → µ , and τ → e transitions to
proceed via the exchange of a virtual Higgs boson [6, 7].

In this document, we review searches for low mass BSM particles using h(125) performed by
the CMS experiment with 7, 8 and 13 TeV data.
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2. Search for invisible decays of the h(125)

2.1 VBF channel

This production mode is characterised by the presence of two jets with a large separation in η

and a large invariant mass (m j j). The contributions from the dominant Z(νν)+jets and W(lν)+jets
backgrounds and the QCD multijet backgrounds are estimated using control regions in data. A
simultaneous fit to the yields in the signal and control regions is performed to extract any potential
signal and place upper limits on B(h→inv). The observed (expected) upper limit on the invisible
branching fraction of the h(125) boson, assuming the SM production cross section, is found to be
69% (62%) at 95% confidence level (CL) corresponding to integrated luminosity of 2.3 fb−1 at

√
s

= 13 TeV, as presented on Figure.1 (left) [8].
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Figure 1: Left: Observed and expected 95% CL limit on σ x B(Φ→ inv) as a function of scalar mass
(mΦ) assuming the couplings of the scalar (gΦ) to vector bosons to be the same as a Higgs boson with the
same mass. Right: Observed and expected 95% CL limit on the ZH production cross section times invisible
branching fraction, σZH x B(H→ inv) as a function of the Higgs boson mass. SM couplings are assumed.

2.2 Z(ll)H channel

The ZH production mode, where the Z boson decays to a pair of charged leptons, has a smaller
cross section than VBF but a clean final state with lower background. The search targets events
with a pair of same-flavour, opposite-charge leptons (l = e,µ), consistent with a leptonic Z boson
decay, produced in association with a large missing transverse energy (Emiss

T ). The background is
dominated by the diboson processes, ZZ→ llνν and WZ→ lν ll, which contribute roughly 70%
and 25% of the total background, respectively. The observed (expected) upper limit on the invisible
branching fraction of the h(125) boson, assuming the SM production cross section, is found to be
86% (70%) at 95% CL corresponding to integrated luminosity of 12.9 fb−1 at

√
s = 13 TeV, shown

on Figure.1 (right) [9].

2.3 V( j j)H and ggH channels

The search strategies for the V( j j)H mode, in which the vector boson decays hadronically,
and ggH modes are very similar, targeting events with large Emiss

T , with the missing transverse
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momentum (pmiss
T ) recoiling against jets from either gluon radiation or a hadronically decaying

vector boson. The dominant backgrounds arise from Z(νν)+jets and W(lν)+jets events, accounting
for 90% of the total background. These backgrounds are estimated using control regions in data and
a simultaneous fit to the Emiss

T distribution of the events across all regions is performed to extract a
potential signal. Finally, the observed (expected) upper limit on the invisible branching fraction of
the h(125) is set at 44% (56%) at 95% confidence level corresponding to integrated luminosity of
12.9 fb−1 at

√
s = 13 TeV [10].

2.4 Combination of h(125)→ invisible measurements

The limits are obtained from the simultaneous analysis of all categories and from sub-combinations
of categories, which target each of the ggH, VBF, and VH production mechanisms. Observed and
expected upper limits on σB(h→ inv)/σ(SM), where σ(SM) is the total SM Higgs boson pro-
duction cross section, are determined at the 95% CL and presented in Fig. 2 (left). They provide
comparable results with indirect upper limits of the couplings of the h(125) boson to non-SM de-
cays. Moreover, the upper limit on B(h→ inv), under the assumption of SM production cross
sections for the Higgs boson, can also be interpreted in the context of a Higgs-portal model of DM
interactions [11], as shown in Fig.2 (right). These combined results are based on data correspond-
ing to integrated luminosities of 5.1, 19.7, and 2.3 fb−1 at centre-of-mass energies of 7, 8, and 13
TeV, respectively [12].
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Figure 2: Left: Observed and expected upper limits on σ ·B(h→ inv)/σ(SM), where σ(SM) is the total SM
Higgs boson production cross section, are determined at the 95% CL. Right: Limits on the spin-independent
DM-nucleon scattering cross section in Higgs-portal models assuming a scalar (blue) or fermion (red) DM
particle. The limits are given at the 90% CL to allow for comparison to direct detection constraints from the
LUX (green), PandaX- II (purple), and CDMSlite (light blue) experiments.

3. Search for new light bosons in decays of the h(125)

3.1 h→ aa→ 4µ

A search for BSM decays of the h(125) to pairs of new light bosons, which subsequently
decay to pairs of oppositely charged muons (h → 2a+X → 4µ +X) has been performed. This
search is based on a data sample corresponding to an integrated luminosity of 2.8 fb−1 at

√
s =

3
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13 TeV in 2015. One event with two dimuons of consistent single mass in the signal region was
observed. The analysis has been designed as a model-independent search allowing interpretation
of its results in the context of a broad range of new physics scenarios predicting the same type of
final state signature. The results are also interpreted in the context of the NMSSM and the dark
SUSY benchmark models for mh < 150 GeV, as shown in Fig. 3 [13]. This search constrains a
large, previously unconstrained area of the parameter space.
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Figure 3: Left: The 95% CL upper limits as functions of ma1 , for the NMSSM case, on σ(pp→ h1,2→ 2a1)
x B2(a1→ 2µ) with mh1 = 86 GeV (dashed curve), mh1 = 125 GeV (dash dotted curve), and mh1 = 150 GeV
(dotted curve). Right: 95% CL upper limits (black solid curves) from this search on σ(pp → h)· B(h
→ 2γD+X) (with mn1 = 10GeV, mnD = 1GeV) in the plane of two parameters (ε and mγD ) for the dark SUSY
scenarios, along with constraints from other experiments.

3.2 Other h→ aa searches

Further searches for the decay of the SM-like Higgs boson to pairs of light scalars were per-
formed using 19.7 fb−1 of pp collisions at a centre-of-mass energy of 8 TeV in final states with
taus, muons or b quark jets. The data were found to be compatible with SM predictions. Direct
limits are set on the cross section times branching fraction for several signal processes. According
to the 2HDM and extensions, the ratio of the decay widths of a light scalar boson to different types
of leptons only depends on the masses of these leptons. A similar relation also exists between
the partial decay widths of the light scalar boson to leptons and down-type quarks, only in Type-1
and Type-2. Therefore, the results of the SM-like Higgs boson to pairs of light bosons in different
channels are interpreted and compared in different scenarios of two-Higgs-doublet models with an
additional scalar singlet (2HDM+S) shown in Fig. 4.

4. Search for Lepton Flavour Violation of the h(125)

A direct search for lepton flavour violating decays of the Higgs boson in the h→ µτ , eτ and eµ

channels is performed using data collected by the CMS experiment with corresponding integrated
luminosity of 2.3 fb−1 at

√
s = 13 TeV in the case of h→ µτ and 19.7 fb−1 at

√
s = 8 TeV in

the case of h→ eτ/eµ . The measurements are sensitive to the branching fraction of lepton flavour
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Figure 4: Expected and observed 95% CL exclusion limits on (σh/σSM) x B(h → aa) x B2(a→ µµ) for
various exotic h(125) boson decay searches, assuming that the branching fractions of the light scalar boson
to muons, τ leptons and b quarks. This assumption implies that the limit shown for h→ aa→ µµbb is valid
only in type-1 and type-2 2HDM+S models.

violating decays of the Higgs boson to each channel. No excess is observed. Upper limits at 95%
confidence level on the branching fractions B(h → µτ) < 1.20% (1.62% expected), B(h → eτ) <
0.69% (0.75% expected) and B(h → eµ) < 0.035% (0.048% expected) are obtained. Moreover,
the constraints on branching fraction can be interpreted in terms of LFV Yukawa couplings. The
LFV decays h→ eµ,eτ,µτ would arise at tree level from the assumed flavour violating Yukawa
interactions, Y`α`β where `α , `β denote the leptons, `α , `β = e,µ,τ and `α 6= `β . The 95% CL upper
limits on the Yukawa couplings derived for each branching fraction are shown in Fig. 5 [14, 15].
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5. Summary

Several searches for BSM phenomena in decays of the discovered Higgs boson at 125 GeV
have been performed in CMS experiment since Run-I and are being continued in 2015 data. No
evidence of new BSM particle production has been observed so far. The upper limits are set on the
branching fraction of the Higgs boson decay to different BSM particles, as well as lepton flavour
violating decays of the Higgs boson. The results are interpreted in terms of several BSM theories,
including Higgs-portal model of DM interactions, 2HDM and its extension especially NMSSM.

All the presented searches are being continued with the full 2016 Run-II data, in which the
integrated luminosity has already reached 36 fb−1. This amount of integrated luminosity will give
a further substantial boost to the sensitivity for new physics phenomena in Higgs boson decays.
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